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(57) ABSTRACT

A touch panel and an electronic device having the same are
provided. The touch panel includes a first substrate; a second
substrate that is spaced apart from the first substrate by a gap,
the second substrate including a touch surface; an array of
driving electrode pairs that is arranged on the first substrate
and the second substrate, and induces an electrical field
locally between the first substrate and the second substrate
when a driving voltage is applied thereto; and electro-rheo-
logical fluid that is filled in the gap between the first substrate
and the second substrate, a viscosity of the electro-rheologi-
cal fluid changing depending on the electrical field induced
by the driving electrode pairs. An operating force or a return
forceis adjusted by controlling an application or release of the
driving voltage.
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TOUCH PANEL AND ELECTRONIC DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent Appli-
cation No. 10-2010-0008105, filed on Jan. 28, 2010, the
disclosure of which is herein incorporated by reference in its
entirety for all purposes.

BACKGROUND

1. Field

Apparatus and devices consistent with the following
description relate to a user input device, and more particu-
larly, to a touch panel used in a user input device and an
electronic device including the same.

2. Description of the Related Art

A touch panel is one example of a kind of user input device
used to determine whether a user generates an input and the
position of the user’s input by sensing the user’s contact
thereon. A user may input data or signals to a touch panel by
contacting or pressing a surface of the touch panel with his or
her finger, a stylus pen or the like. The touch panel may be
used to manufacture a touch pad for use as a substitute for a
mouse in a laptop computer, a netbook and the like or used for
an input switch of an electronic device. The touch panel may
be used in association with a display. A touch panel which is
mounted on the screen of a display device, such a liquid
crystal display (LCD), a plasma display panel (PDP), a cath-
ode ray tube (CRT) and the like, is generally called a “touch
screen”. A touch screen may be integrated with a display
device to configure the screen of the display device or may be
attached additionally on the screen of the display device.

In certain situations, the touch panel may be substituted for
a user input device such as a keyboard, a trackball or mouse,
and also may allow for simple manipulations. Moreover, the
touch panel can provide users with various types of buttons
according to the types of applications to be executed or stages
of the executed application. Accordingly, a touch panel, and
more specifically, a touch screen has been used as an input
device for electronic equipment, such as a mobile phone, a
personal digital assistant (PDA), a portable media player
(PMP), a digital camera, a portable games, a Moving Picture
Experts Group Layer 3 (MP3) player, etc., as well as an
automated tell machine (ATM), an information trader, a ticket
vending machine, etc.

A touch panel can be classified into a resistive type, a
capacitive type, a saw type, aninfrared type, etc., according to
methods of sensing user’s inputs. A capacitive type touch
panel determines whether a user generates an input and the
position of the user’s input signal by measuring variations in
capacitance due to contact or pressure. However, the various
types of touch panels fail to provide users a sense of input, that
is, a feeling of recognition that a user gets upon inputting. In
order to overcome this disadvantage, a method of installing a
vibration motor below a touch panel has been proposed. The
method offers users a sense of input by vibrating the whole
touch panel using the vibration motor when a user’s contact is
sensed.

SUMMARY

One or more embodiments relate to a touch panel capable
of making a user have various senses of input or clicking
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2

sensations through his or her tactile sense, and an electronic
device including the touch panel.

One or more embodiments also relate to a touch panel
capable of offering a user various senses of input or clicking
sensations according to the types of applications to be
executed or stages of the executed application, and an elec-
tronic device including the touch panel.

According to an aspect of an embodiment, there is pro-
vided a touch panel including a first substrate, a second sub-
strate, an array of driving electrode pairs and electro-rheo-
logical fluid. The second substrate is spaced apart from the
first substrate by a gap, the second substrate comprising a
touch surface. The driving electrode pairs are arranged on the
first substrate and the second substrate, and induce an elec-
trical field partly between the first substrate and the second
substrate when a driving voltage is applied. The electro-rheo-
logical fluid fills the gap between the first substrate and the
second substrate, a viscosity of the electro-rheological fluid
changing depending on the electrical field induced by the
driving electrode pairs. At least one of an operating force and
a return force is adjusted by controlling an application or a
release of the driving voltage.

According to an aspect of another embodiment, there is
provided a touch panel including a touch panel body com-
prising a first substrate and a second substrate, electro-rheo-
logical fluid filled in a gap between the first substrate and the
second substrate, and an array of driving electrode pairs
arranged on the first substrate and the second substrate to
induce an electrical field locally in the gap between the first
substrate and the second substrate when a driving voltage is
applied; and a controller which adjusts a number of driving
electrode pairs to which the driving voltage is applied among
the array of the driving electrode pairs, or a location of driving
electrode pairs to which the driving voltage is applied among
the array of the driving electrode pairs, or both, in order to
vary an operating force of the touch panel body.

According to an aspect of another embodiment, there is
provided a touch panel including a touch panel body includ-
ing a first substrate and a second substrate, electro-rheologi-
cal fluid filled in a gap between the first substrate and the
second substrate, and an array of driving electrode pairs
arranged on the first substrate and the second substrate to
induce an electrical field locally in the gap between the first
substrate and the second substrate when a driving voltage is
applied; and a sensing unit which determines whether an
input to a touch surface of the first substrate occurs by mea-
suring a change in a gap thickness between the first substrate
and the second substrate, wherein the change in the gap
thickness that is used to determine when an input has
occurred, is adjustable.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects will be more apparent from
the following detailed description of embodiments taken with
reference to the accompanying drawings, in which:

FIG. 11is a diagram illustrating an example of a touch panel
according to an embodiment;

FIG. 2 is an exploded perspective view illustrating a touch
panel body of the touch panel of FIG. 1;

FIG. 3 is a cross-sectional view of the touch panel body
taken along a line III-1IT' of FIG. 1;

FIG. 4 is a graph showing a relationship of force to dis-
placement in a mechanical key pad with a metal dome struc-
ture;
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FIGS. 5A and 5B are views for comparatively explaining a
phenomenon where flow impedance increases when the flow
of electro-rheological fluid is restricted;

FIGS. 6 A and 6B are views for explaining examples where
a driving voltage is applied to different numbers of driving
electrode pairs in a touch panel;

FIG. 7 is a graph showing changes of an operating force
with respect to displacement in the examples illustrated in
FIG. 6;

FIGS. 8A to 8C show examples where a driving voltage
applied to the touch panel is removed at different displace-
ments;

FIG. 9 is a graph showing changes of an operating force
with respect to displacement in the examples illustrated in
FIG. 8;

FIG. 10 shows an example where a driving voltage is
applied to all driving electrode pairs belonging to a driving
electrode pair group;

FIGS. 11A to 11D show examples where the driving volt-
age applied to the driving electrode pairs of FIG. 10 is
removed at different areas; and

FIG. 12 is a graph showing changes of an operating force
and a return force with respect to displacement in the
examples illustrated in FIG. 11.

DETAILED DESCRIPTION

The detailed description is provided to assist the reader in
gaining a comprehensive understanding of the methods,
apparatuses and/or systems described herein. Various
changes, modifications, and equivalents of the systems, appa-
ratuses, and/or methods described herein will likely suggest
themselves to those of ordinary skill in the art. These various
changes, modifications, and equivalents are intended to be
included in the scope of the appended claims. Also, descrip-
tions of well-known functions and constructions are omitted
to increase clarity and conciseness.

Throughout the drawings and the detailed description,
unless otherwise described, the same drawing reference
numerals will be understood to refer to the same elements,
features, and structures. The relative sizes and depiction of
these elements may be exaggerated for clarity, illustration,
and convenience.

A touch panel according to embodiments that will be
described below is a kind of user input device and may be
mounted onto various devices. For example, the touch panel
can be used as atouch pad for a notebook, a netbook or the like
and also used as a user input device in various kinds of home
appliances or office electronic equipment, etc. Also, the touch
panel can be used as a touch screen for a display of an
electronic device, for example, as a user input device of an
electronic device, such as a mobile phone, a Personal Digital
Assistant (PDA), a Portable Multimedia Player (PMP), an
E-book terminal, a portable computer, an Automated Teller
Machine (ATM), an information trader, a ticket vending
machine, etc.

And, the touch panel may provide a user with various
senses of input or clicking sensations. The senses of input or
clicking sensations may vary according to the user’s selection
and/or according to the types of applications to be executed or
stages of the executed application. For example, by sensing
variations in reaction force against the touch panel at a contact
area corresponding to a user’s input location, the user may
have different senses of input or clicking sensations. In order
to make such differences in reaction force, in an embodiment,
a touch panel is used in which an electro-rheological fluid is
filled in a gap between upper and lower substrates, and a
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method of adjusting touch panel areas to which a driving
voltage is applied or varying displacement of the touch panel
at which the driving voltage is removed is used, which will be
described later.

FIG. 11is a diagram illustrating an example of a touch panel
100.

Referring to FIG. 1, the touch panel 100 includes a touch
panel body 110, a sensing unit 120 and a controller 130. The
touch panel body 110 is a physical structure included in the
touch panel 100. The sensing unit 120 and the controller 130
may be electrical circuits and/or a combination of hardware
and software, or only software which sense any input to the
touch panel body 110 to control driving of the touch panel
body 110. Accordingly, the term “touch panel” used in this
description may indicate only the touch panel body 110 in a
narrow sense, but also may indicate the entire touch panel 100
including all of the touch panel body 110, the sensing unit 120
and the controller 130 in a broad sense.

In FIG. 1, the sensing unit 120 and controller 130 are
shown to be divided for logical classification according to
their functions, however they may be integrated into a single
unit or implemented as separate devices. The logical function
classification between the sensing unit 120 and controller 130
is for convenience of description. In other words, a single
integrated component may perform all functions of the sens-
ing unit 120 and controller 130, or some functions of one (for
example, the sensing unit 120) of the sensing unit 120 and
controller 130 may be performed by the other one (for
example, the controller 130). Hereinafter, a configuration of
the touch panel body 110 will be described in detail with
reference to FIGS. 2 and 3.

FIG. 2 is an exploded perspective view illustrating the
touch panel body 110 of the touch panel 100 of FIG. 1, and
FIG. 3 is a cross-sectional view of the touch panel body 110
taken along a line III-IIT' of FIG. 1. Referring to FIGS. 2 and
3, the touch panel body 110 includes a pair of substrates (that
is, a lower substrate 111 and a upper substrate 112), electro-
rheological fluid 113 that is filled and sealed in the gap
between the lower substrate 111 and the upper substrate 112,
and an array of driving electrode pairs 114 that are arranged in
a matrix form.

The lower substrate 111, which is a base substrate of the
touch panel body 110, acts as one side of a container for filling
the electro-rheological fluid 113 in the touch panel body 110.
When the corresponding touch panel 100 (see FIG. 1) is
implemented as a touch screen of an electronic device, the
lower substrate 111 may be a display plane of the electronic
device or a substrate attached additionally onto the display
plane. The lower substrate 111 may be configured so as not to
be deformed when a certain attraction force or repulsive force
is applied between the lower substrate 111 and the upper
substrate 112. That is, the lower substrate 111 may be made of
arigid or hard material. For example, the lower substrate 111
may be made of transparent glass. However, there are situa-
tions in which it is advantageous for the lower substrate 111 to
be made of a material that is not a hard material. For example,
if the touch panel body 110 is attached on a hard display, the
lower substrate 111 may be made of a transparent polymer
film.

The upper surface of the upper substrate 112 is a user touch
surface which a user contacts to input a signal. The upper
substrate 112 may be deformed when a predetermined force
is applied thereto. For example, the upper substrate 112 may
be deformed when a user contacts or presses the user touch
surface S with a finger, a stylus pen, etc. For such deforma-
tion, the upper substrate 112 may be made of a transparent,
deformable polymer film or the like. The type of polymer
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usable for the upper substrate 112 is not limited. The upper
substrate 112 is spaced a predetermined distance apart from
the lower substrate 111 and accordingly a gap having a pre-
determined thickness is formed between the upper and lower
substrates 112 and 111. The thickness of the gap may be set
appropriately in consideration of a driving voltage, the width
of the touch panel body 110, a cross-sectional area of each
driving electrode pair 114 and so on.

The electro-rheological fluid 113 is disposed in the gap
between the lower and upper substrates 111 and 112. The
electro-rheological fluid 113 may be sealed with sealant 116
applied along facing edge portions of one or both of the lower
and upper substrates 111 and 112. The electro-rheological
fluid 113 is a suspension in which fine particles 11356 are
dispersed in electro-insulative fluid 113a. The viscosity of the
electro-rheological fluid 113 can change by a factor of 100,
000 as a maximum when an electric field is applied thereto,
and since such variation in viscosity is reversible, the viscos-
ity returns to its original level when the electronic field dis-
appears.

The electro-rheological fluid 113 may be a transparent
liquid such as, for example, silicon oil, kerosene mineral oil,
olefin (PCBs), or the like. However, the electro-rheological
fluid 113 may be any other material that possesses similar
properties of low viscosity change with changing tempera-
ture, high flash point, low freezing point, etc. and for which
the viscosity changes as a function of the electric field applied
thereto. The particles 1135 included in the electro-rheological
fluid 113 may be very fine, transparent particles having a size
of maximally about 50 um. The particles 1135 may be poly-
mers, such as aluminosilicate, polyaniline, polypyrrole, or
fullerene, or any other kind of insulative materials, such as
ceramics or the link. Non-transparent ERF may also be used
in some applications.

Also, spacers 115 may be provided in a dispersed manner
in the gap between the upper and lower substrates 112 and
111. The spacers 115 are elastic elements made of small,
transparent particles whose size is less than about several tens
of micrometers and are randomly distributed in the electro-
rheological fluid 113. The spacers 115 shown in FIG. 2 are
exaggerated in size, and the arrangement of the elastic spacers
115 shown as if they are dispersed at regular intervals is also
exemplary for convenience of description, and in reality the
spacers 115 are more likely to be randomly dispersed. Mate-
rials used to form the elastic spacers 115 are not limited, and
for example, the spacers 115 may be made of elastomer. The
spacers 115 are used to provide the upper substrate 112 with
a restoring force and support the upper substrate 112 struc-
turally. That is, the spacers operate as elastic elements
between the upper and lower substrate, and allow the sub-
strates to recover to the original film shape in a very short time
after a click operation, which will be described later. The
spacers are advantageously spaced throughout the touch
panel, but other types of distribution patterns may be used as
long as the spacers may provide the restoring force and struc-
tural support. As discussed above, the distribution may also
be random. For example, at the edges of the touch panel, the
film tension is stronger than that of the center portion. Thus,
it may be possible to user fewer spacers in the edge regions.
That is, the spacer distribution may also vary depending on
the location within the touch panel.

Each driving electrode pair is a pair of driving electrodes
that are respectively arranged on the lower and upper sub-
strates 111 and 112. The driving electrode pairs 114 may be
arranged in a matrix form over the entire or surface of the
touch panel body 110 or on a part of the touch panel body 110.
A driving voltage may be applied to a predetermined combi-
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nation of the driving electrode pairs 114, for example, to a
predetermined part of driving electrode pairs 114. The touch
panel 100 may offer a user various senses of input or clicking
sensations by changing the number of driving electrode pairs
(areas) to which a driving voltage is applied, a degree of
displacement of the upper substrate 112 at which the applied
driving voltage is removed, the number of driving electrode
pairs from which the driving voltage is removed, etc., which
will be described later.

The array of driving electrode pairs 114 illustrated in FI1G.
2 is an example where a plurality of driving electrodes are
arranged in pairs in a matrix form. Referring to FIG. 2, a
plurality of line-type electrode patterns are formed in parallel
on the upper surface of the lower substrate 111 and on the
lower surface of the upper substrate 112, respectively. The
electrode patterns (hereinafter, referred to as lower electrode
patterns 114a) formed on the lower substrate 110 extend in a
first direction and the electrode patterns (hereinafter, referred
to as upper electrode patterns 114b) formed on the upper
substrate 112 extend in a second direction perpendicular to
the first direction. Accordingly, at intersections of the lower
electrode patterns 114a and upper electrode patterns 1145,
the driving electrode pairs 114 arranged in a matrix form are
defined over the entire area of the touch panel body 110.

Unlike the example illustrated in FIG. 2, the lower and
upper electrodes constructing the driving electrode pairs 114
may be arranged in a dotted form, respectively, on the lower
and upper substrates 111 and 112. Here, the upper and lower
electrodes facing each other may be disposed in a matrix form
on the entire area of the upper and lower substrates 111 and
112 oron a part of the upper and lower substrates 111 and 112.
Each of the upper and lower electrodes may be a polygonal
(for example, square) or circular electrode pattern. The dot-
ted-type driving electrode pairs may individually connect to
switchable active devices so as to be switched on/off indi-
vidually using the switchable active device. That is, FIG. 2
shows line-type electrode patterns. However, it is also pos-
sible to provide an NxN array of electrodes on both the top
and bottom, such that each individual pair of electrodes (top
and bottom) is separately addressable and controllable.

A driving voltage that is to be applied to the driving elec-
trode pairs 114 provides a operating force to locally vary
viscosity of the electro-rheological fluid 113. The driving
voltage may be supplied from a power supply of an electronic
device with the touch panel 110. The number of driving
electrode pairs to which the driving voltage is applied, a
degree of displacement of the upper substrate 112 at which
the applied driving voltage is removed, the number of driving
electrode pairs from which the applied driving voltage is
removed, etc. may be controlled by the sensing unit 120
and/or the controller 130.

FIG. 3 illustrates an example where a driving voltage is
applied to driving electrode pairs corresponding to an area |
and no driving voltage is applied to driving electrode pairs
corresponding to areas I1. The example may be implemented
by grounding the upper electrode patterns 1145 and applying
a voltage Vd to a part of the lower electrode patterns 114a
corresponding to the area I while maintaining the other of the
lower electrode patterns 1144 corresponding to the areas I1in
a floating state. However, it is also possible to apply the
voltage Vd to the areas II while maintaining the area I in a
floating state.

As illustrated in an area I of FIG. 3, when a driving voltage
is applied to driving electrode pairs, or in more detail, when a
certain driving voltage is applied to one side of certain ones of
the driving electrode pairs and the other side of the driving
electrode pairs are grounded, an electrical field is generated
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locally in the gap between the upper and lower substrates 112
and 111 where the driving electrode pairs are positioned. As
aresult, in the area I, the viscosity of electro-rheological fluid
113 is increased. This is because particles 134 having polar-
ization characteristics are aligned, as shown in area I of FIG.
3. However, if no driving voltage is applied to the driving
electrode pairs, no electrical field is generated in the gap
between the upper and lower substrates 112 and 111 where
the driving electrode pairs are positioned and accordingly
there is no variation in viscosity of the electro-rheological
fluid 113 in the corresponding areas, as shown in areas II of
FIG. 3

An example of such a touch panel using changes in viscos-
ity of electro-rheological fluid is disclosed in detail in a
Korean Patent Application No. 2009-0055034, entitled
“Touch Panel and Electronic Device Including the Same”,
filed on Jun. 19, 2009, by the applicant of the current appli-
cation. Korean Patent Application No. 2009-0055034 corre-
sponds to U.S. application Ser. No. 12/780,996, the entire
disclosure of which is incorporated by reference herein in its
entirety for all purposes. Korean Patent Application No.
2009-0055034 describes a touch panel in which a predeter-
mined input button area on a user touch surface is defined
using changes in viscosity of electro-rheological fluid ther-
ebelow and offers a user a clicking sensation like pressing a
mechanical key pad.

The clicking sensation replicates the sensation felt by a
finger when pressing a mechanical key pad or a key button of
a mobile phone or the like. In a mechanical key pad, a metal
thin plate having a dome shape, which is called a metal dome
or a popple, is installed below a key button. When the metal
dome is pressed with a force exceeding a predetermined
threshold, the metal dome is deformed sharply at a certain
time, which is referred to as a buckling point. Due to such a
buckling point, the user feels a clicking sensation upon press-
ing a mechanical key pad.

FIG. 4 is a graph showing a relationship of force to dis-
placement in a mechanical key pad with a metal dome or a
popple. Referring to FIG. 4, initially, the displacement of the
metal dome increases gradually as a pressing force increases.
Along with the increase of the metal dome’s displacement,
the supporting force (a resistive force against deformation) of
the metal dome increases and accordingly a repulsive force
also increases. When the displacement of the metal dome
reaches x1, the supporting force (a resistive force against
deformation) of the metal dome reaches a maximum (an
operating force) and then sharply decreases. This point cor-
responds to a buckling point at which the supporting force of
the metal dome is at a maximum (that is, at which an operating
force is applied onto the touch panel). If the pressing force is
maintained after the bucking point, the displacement of the
metal dome continues to increase, and when the displacement
of the metal dome reaches x2, the metal dome contacts the
lower electrodes. Thereafter, when the pressing force disap-
pears, the metal dome returns to its original state by a return
force.

The touch panel 100 allows users to experience a clicking
sensation by imitating a mechanism of a mechanical key pad.
As described above with reference to FIG. 3, in the area I of
the touch panel 100 where the driving electrode pairs to which
the driving voltage is applied are positioned, the viscosity of
the electro-rheological fluid 113 sharply increases. When the
viscosity of the electro-rheological fluid 113 is high, the area
Tabove the electro-rheological fluid 113 offers a higher repul-
sive force against a pressing force than the other areas (that is,
the areas II). As the pressing force increases and/or as dis-
placement of the upper substrate 112 due to the pressing force
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increases, the repulsive force increases accordingly. When
the pressing force exceeds a threshold and/or when the dis-
placement of the upper substrate 112 reaches a threshold
level, the driving voltage being applied is removed. If the
driving voltage is no longer applied, the viscosity of the
electro-rheological fluid 113 sharply decreases and accord-
ingly a repulsive force against the pressing force is also
sharply reduced. In this way, a clicking sensation similar to
that at the buckling point of the mechanical key pad can be
provided on the touch panel 100, when the driving voltage is
removed.

The clicking sensation provided by the mechanical key pad
(or by the touch panel imitating a mechanical key pad)
depends on an operating force and a return force (or a click
rate). The operating force is a supporting force of the metal
dome or aresistive force (a maximum repulsive force) against
the metal dome when a pressing force reaches the buckling
point. The return force is a restoring force by which the metal
dome that is deformed after the buckling point returns to its
original state. The clicking rate (CR) can be defined as a
function of an operating force and a return force, which is
written as Equation 1 below. As seen in Equation 1, CR is a
value resulting from dividing a difference between an oper-
ating force and a return force by the operating force. As
expected from Equation 1, the touch panel 100 imitating the
operation of a mechanical key pad may offer various clicking
sensations by appropriately controlling the operating force
and/or the return force.

®

Operating Force — Return Force

Clicking Rate (CR) = Operating Force

An example of a method of changing the operating force in
the touch panel 100 is to change the number of driving elec-
trode pairs to which a driving voltage is applied. The more
driving electrodes the driving voltage is applied to, the greater
the operating force of the touch panel becomes. In contrast,
the fewer driving electrodes the driving voltage is applied to,
the smaller the operating force of the touch panel becomes.
For example, when a driving electrode pair group is com-
posed of a plurality of driving electrode pairs and defines an
input button area, an operating force of the input button area
is proportional to the number of driving electrode pairs to
which a driving voltage is applied among the driving elec-
trode pair group. The driving electrode pair group may
include driving electrode pairs adjacent to the input button
area.

There is a phenomenon where when a driving voltage is
applied to predetermined driving electrode pairs, the viscos-
ity of electro-rheological fluid 113 filled in the gap between
the driving electrode pairs increases. This is because electro-
rheological fluid with high viscosity offers a greater repulsive
force against a pressing force applied to the electro-rheologi-
cal fluid. As the repulsive force may increase in proportion to
the area of electro-rheological fluid 113 with high viscosity,
the operating force of the touch panel 100 may also increase
with an increase in area of driving electrode pairs to which the
driving voltage is applied.

Besides this, the electro-rheological fluid 113 with high
viscosity restricts the flow of its adjacent electro-rheological
fluid 113. FIGS. 5A and 5B are views for comparatively
explaining a phenomenon where flow impedance increases
when the flow of electro-rheological fluid is restricted,
wherein FIG. 5A shows an example where a driving voltage
is applied to driving electrode pairs corresponding to a
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pressed area B to increase the viscosity of the area B, and no
driving voltage is applied to its peripheral areas A and C, and
FIG. 5B shows an example where a driving voltage is applied
to driving electrode pairs corresponding to the pressed area B
and its peripheral areas A and C to increase the viscosity of all
the areas A, B and C. As shown in FIGS. 5A and 5B, the flow
impedance which is a force against the direction of flow
caused by a pressing force is greater in the case in FIG. 5B
where the driving voltage is applied to the peripheral areas A
and C than in the case in FIG. 5A where no driving voltage is
applied to the peripheral areas A and C. Accordingly, a resis-
tive force of the touch panel 100 can be increased by applying
a driving voltage both to driving electrode pairs correspond-
ing to an input button area and to driving electrode pairs
corresponding to its peripheral areas. Also, a repulsive force
and/or a resistive force of the touch panel 100 may depend on
whether the viscosity increased area wholly belongs to the
input button area, extends over the input button area and its
peripheral area, or is spaced a distance from the input button
area.

As such, when the flow of the electro-rheological fluid 113
is restricted, a resistive force or a repulsive force against a
pressing force applied to the touch panel 100 increases
accordingly. The repulsive force is proportional to a degree at
which the flow of the electro-rheological fluid 113 is
restricted, that is, to the number and/or locations of driving
electrode pairs to which the driving voltage is applied. By
utilizing the characteristics of the touch panel 100 to change
the viscosity increased area, that is, the number and/or loca-
tions of driving electrode pairs to which the driving voltage is
applied among the driving electrode pairs 114, a repulsive
force (that is, an operating force) that will be felt by a user
upon clicking of the touch panel 100 may be changed.

FIGS. 6A, 6B and 7 are views for explaining an increase in
operating force as the number of driving electrode pairs to
which a driving voltage is applied increases, wherein FIG. 6A
and FIG. 6B show examples where a driving voltage is
applied to different numbers of driving electrode pairs in a
touch panel, and FIG. 7 is a graph showing changes of an
operating force with respect to displacement in the examples
illustrated in FIGS. 6A and 6B.

The touch panel illustrated in FIGS. 6A and 6B has 9
columns of lower electrode patterns c1 through ¢9 and 12
rows of upper electrode patterns r1 through r12. A numerical
button is defined at an area below which three lower electrode
patterns overlap three upper electrode patterns. As a result,
the touch panel includes a total of 108 (9x12) driving elec-
trode pairs and each numerical button is assigned 9 driving
electrode pairs. The 9 driving electrode pairs defining a
numerical button may be referred to as a driving electrode pair
group. In the current example, the lower electrode patterns c1
through ¢9 of the touch panel are all grounded. Hereinafter,
descriptions about only numerical buttons 4, 5 and 6 will be
given excluding the other numerical buttons 1, 2,3,7,8,9, *,
0 and #. It should be noted that the 9x12 array of 108 driving
electrode pairs is only exemplary, and the number of rows
and/or columns of electrodes may be increased or decreased.

Referring to FIG. 6A, a driving voltage is applied only to
the second row of upper electrode pattern r5 among rows of
upper electrode patterns r4, r5 and r6 on which the numerical
buttons 4, 5 and 6 are positioned, and the remaining rows of
upper electrode patterns r4 and r6 are maintained in a floating
state. That is, a driving voltage is applied only to three driving
electrode pairs for each numerical button. Meanwhile, refer-
ring to FIG. 6B, a driving voltage is applied to all three rows
of'upper electrode patterns r4, r5 and r6 on which the numeri-
cal buttons 4, 5 and 6 are positioned, that is, a driving voltage
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is applied to all 9 driving electrode pairs of the driving elec-
trode pair group for each of the numerical buttons 4, 5, 6. It
can be seen from FIG. 7 that an operating force (a) of the
touch panel illustrated in FIG. 6A is significantly different
from an operating force (b) of the touch panel illustrated in
FIG. 6B. Also, the more driving electrode pairs a driving
voltage is applied to, the greater the operating force becomes.
Accordingly, by utilizing the characteristics of the touch
panel to adjust the number of driving electrode pairs to which
a driving voltage is applied, various clicking sensations can
be offered.

FIGS. 8A to 8C and 9 are views for explaining an increase
in operating force depending on displacement at which a
driving voltage is removed, wherein FIGS. 8A to 8C show
examples where a driving voltage applied to a touch panel is
removed at different displacements, and FIG. 9 is a graph
showing changes of an operating force with respect to dis-
placement in the examples illustrated in FIGS. 8 A to 8C. FIG.
8A corresponds to the case where the driving voltage is
removed at a smallest displacement x1', FIG. 8C corresponds
to the case where the driving voltage is removed at a largest
displacement x"", and FIG. 8B corresponds to the case where
a displacement x" at which the driving voltage is removed is
between the smallest displacement x' and the largest displace-
ment x"™. As shown in FIGS. 8A to 8C and 9, the maximum
repulsive force against the touch panel increases in proportion
to the displacement at which the driving voltage is removed.
That is, operating force (a)>operating force (b)>operating
force (c) as shown in FIG. 9. Therefore, by differentiating
displacement at which a driving voltage is removed, various
clicking sensations can be provided to a user.

FIGS. 10, 11A to 11D and 12 are views for explaining a
phenomenon where a return force is reduced, as the driving
voltage is removed from a higher number of driving electrode
pairs, among driving electrode pairs (that is, a driving elec-
trode pair group defining a numerical button “5” which is an
input button) to which the driving voltage has been applied.
FIG. 10 is an enlarged view of the numerical button “5” of the
touch panel illustrated in FIG. 6B where three columns of
lower electrode patterns c4, ¢5 and c6 are grounded and a
driving voltage is applied to three rows of upper electrode
patterns rd, r5 and r6. The numerical button “5” is defined by
9 driving electrode pairs. FIGS. 11A to 11D show examples
where different numbers of driving electrode pairs from
which the applied driving voltage is removed in the touch
panel illustrated in FIG. 10, wherein FIG. 11A corresponds to
the case where the applied driving voltage is removed from all
9 driving electrode pairs, FIG. 11B corresponds to the case
where the applied driving voltage is removed from two rows
of driving electrode pairs r4 and r6, FIG. 11C corresponds to
the case where the applied driving voltage is removed from
one row of driving electrode pairs r5 and FIG. 11D corre-
sponds to the case where the applied driving voltage is
removed from one row of driving electrode pairs r5 while one
column of lower electrode patterns ¢5 is maintained in a
floating state. FIG. 12 is a graph showing changes of an
operating force and a return force with respect to displace-
ment in the examples illustrated in FIGS. 11A to 11D. That is,
lines (a) to (d) correspond to the configurations shown in
FIGS. 11A to 11D, respectively.

Referring to FIGS. 10 and 12, the driving voltage applied to
the driving electrode pair group is maintained until displace-
ment of the upper substrate of the touch panel reaches a
buckling point x1, and as aresult, a repulsive force against the
touch panel increases with an increase in displacement. When
the displacement of the upper substrate reaches the buckling
point x1, the driving voltage applied to all or some of driving
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electrode pairs belonging to the driving electrode pair group
is removed. As shown in FIGS. 11A to 11D and 12, the greater
the number of driving electrode pairs from which the driving
voltage is removed after the buckling point, the smaller the
return force. Therefore, by adjusting the number of driving
electrode pairs from which the driving voltage is removed,
various clicking sensations may be offered.

The above-described operation of the touch panel may be
implemented by the sensing unit 120 and/or the controller
130 of the touch panel 100 illustrated in FIG. 1. Hereinafter,
the operation will be described in more detail with reference
to FIGS. 1 and 2.

The sensing unit 120 detects an input from a user and
calculates a location of the detected user input. Then, infor-
mation about the input detection and the input location
acquired by the sensing unit 120 may be transferred to the
controller 130. A method in which the sensing unit 120
detects a user input is not limited. For example, when an input
(contact or pressing) to a touch surface of the upper substrate
112 occurs, the upper substrate 112 is deformed at a location
where the input has occurred, so that a displacement is made.
In this case, the sensing unit 120 may detect the input by
measuring a change in capacitance due to the deformation of
the upper substrate 112, for example, due to a change of'a gap
thickness between the upper and lower substrates 111 and
112. By varying criteria for detecting the input, that is, by
varying a threshold regarding a capacitance change between
the upper and lower substrates 111 and 112 that will be used
to determine the occurrence of an input, a degree of displace-
ment at which the sensing unit 120 determines occurrence of
the input may also change. Accordingly, the touch panel 100
may change the criteria by which the sensing unit 120 deter-
mines the occurrence of an input, thereby adjusting a degree
of displacement at which the applied driving voltage is
removed. By changing the criteria, various clicking sensa-
tions may also be provided (see FIGS. 8A to 8C and 9).

The controller 130 may control the number and/or loca-
tions of driving electrode pairs to which a driving voltage is
applied. In more detail, the controller 130 may vary the num-
ber and/or locations of driving electrode pairs to which a
driving voltage is applied, thus defining an input button (see
FIGS. 6A, 6B and 7). For example, in order to provide a large
operating force (repulsive force), the controller 120 may
apply a driving voltage to driving electrode pairs correspond-
ing to both an area on which an input button is defined and its
peripheral area. It will be apparent to one of ordinary skill in
the art that the peripheral area may or may not overlap the
input button partly. Also, in order to provide a small degree of
an operating force (repulsive force), the controller 130 may
apply a driving voltage only to driving electrode pairs corre-
sponding to an area on which an input button is defined while
applying no driving voltage to a peripheral area of the input
button. In this case, it will be apparent to one of ordinary skill
in the art that a repulsive force can be changed in a stepwise
manner by changing in a stepwise manner the number or
locations (the distance from the input button area, etc.) of
driving electrode pairs to which the driving voltage is applied
among the driving electrode pairs corresponding to the
peripheral area.

After the sensing unit 120 determines the occurrence of an
input or after receiving an input signal from the sensing unit
120, the controller 130 may adjust the number and/or loca-
tions of driving electrode pairs from which the driving voltage
is removed. In more detail, the controller 130 may change,
after the buckling point, the number and/or locations of driv-
ing electrode pairs from which the driving voltage is removed
(see FIGS. 10 and 12). For example, in order to provide a
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larger return force, the controller 130 may stop applying the
driving voltage to some of driving electrode pairs to which the
driving voltage has been applied and allow the driving elec-
trode pairs to enter into a floating state. Also, in order to
provide a smaller return force, the controller 130 may release
the driving voltage from all or a majority of the driving
electrode pairs to which the driving voltage has been applied.
In this case, it will be apparent to one of ordinary skill in the
art that by changing the number of driving electrode pairs
from which the driving voltage is removed in a stepwise
manner, a return force may be changed in a stepwise manner.

As such, the criteria by which the sensing unit 120 deter-
mines occurrence of an input, for example, a degree of dis-
placement at which it is determined that an input has occurred
or a degree of a repulsive force at the displacement, or the
number or locations of driving electrode pairs from which the
driving voltage is removed may be predetermined or changed
according to the types of applications to be executed or the
stages of the executed application. In the latter case, the
determination criteria of the sensing unit 120 or the operation
criteria of the controller 130 may be adjusted by a program
installed in advance or changed according to input by a user.
For example, the sensing unit 120 and/or the controller 130
may be set to provide a greater clicking sensation upon input-
ting important information such as a password or upon
executing an important application such as a financial appli-
cation or the like, or different degrees of clicking sensation
may be set according to stages of an executed application. On
the other hand, the sensing unit 120 and/or the controller 130
may be set to provide, when executing a simple form of
entertainment such as a game, a small clicking sensation or
provide a constant clicking sensation regardless of the stage
of an executed application.

A number of embodiments have been described above.
Nevertheless, it will be understood that these embodiments
are exemplary and various modifications may be made. For
example, suitable results may be achieved if the described
techniques are performed in a different order and/or if com-
ponents in a described system, architecture, device, or circuit
are combined in a different manner and/or replaced or supple-
mented by other components or their equivalents. Accord-
ingly, other implementations are within the scope of the fol-
lowing claims.

What is claimed is:

1. A touch panel comprising:

a first substrate;

a second substrate that is spaced apart from the first sub-
strate by a gap, the second substrate comprising a touch
surface;

an array of driving electrode pairs that is arranged on the
first substrate and the second substrate, and induces an
electrical field locally between the first substrate and the
second substrate when a driving voltage is applied
thereto;

electro-rheological fluid that is filled in the gap between the
first substrate and the second substrate, a viscosity of the
electro-rheological fluid changing depending on the
electrical field induced by the driving electrode pairs;

aplurality of spacers made of elastic material and disposed
in the gap between the first substrate and the second
substrate and configured to provide the second substrate
with a restoring force and structural support; and

a controller configured to adjust a return force by adjusting
or removing the driving voltage applied to the driving
electrode pairs when a displacement of the second sub-
strate reaches a threshold level due to a pressing e
applied to the touch surface of the second substrate.
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2. The touch panel of claim 1, wherein at least one of a
number of the driving electrode pairs among the array of the
driving electrode pairs, and a location of the driving electrode
pairs among the array of the driving electrode pairs, is adjust-
able.

3. The touch panel of claim 2, wherein the controller is
configured to adjust at least one of a number of driving elec-
trode pairs from which the driving voltage is removed among
the driving electrode pairs to which the driving voltage has
been applied, and a location of driving electrode pairs from
which the driving voltage is removed among the driving elec-
trode pairs to which the driving voltage has been applied.

4. The touch panel of claim 2,

wherein the controller is configured to determine whether
an input occurs by measuring a change in a thickness of
the gap between the first and second substrates due to the
pressing force against the touch surface and compares
the measured thickness to a threshold thickness, and the
threshold thickness is adjustable.

5. The touch panel of claim 4, wherein the controller is
configured to adjust at least one of a number of driving elec-
trode pairs from which the driving voltage is removed among
the driving electrode pairs to which the driving voltage has
been applied, and a location of driving electrode pairs from
which the driving voltage is removed among the driving elec-
trode pairs to which the driving voltage has been applied.

6. The touch panel of claim 1, wherein the controller is
configured to adjust an operating force.

7. A touch panel comprising:

a touch panel body comprising a first substrate and a sec-
ond substrate, electro-rheological fluid that fills in a gap
between the first substrate and the second substrate, and
an array of driving electrode pairs that is arranged on the
first substrate and the second substrate to induce an
electrical field locally in the gap between the first sub-
strate and the second substrate when a driving voltage is
applied;

a controller configured to adjust at least one of a number of
driving electrode pairs to which the driving voltage is
applied among the array of the driving electrode pairs,
and a location of driving electrode pairs to which the
driving voltage is applied among the array of the driving
electrode pairs, in order to vary an operating force of the
touch panel body;

aplurality of spacers made of elastic material and disposed
in the gap between the first substrate and the second
substrate and configured to provide the second substrate
with a restoring force and structural support,

wherein the controller s further configured to adjust a
return force by adjusting or removing the driving voltage
applied to the driving electrode pairs when a displace-
ment of the second substrate reaches a threshold level
due to a pressing force applied to a surface of the second
substrate.

8. The touch panel of claim 7, wherein the array of the
driving electrode pairs includes one or more driving electrode
pair groups each comprising a plurality of driving electrode
pairs which defines an input button area, and

the controller is configured to adjust a number of driving
electrode pairs to which the driving voltage is applied
among the driving electrode pairs belonging to each
driving electrode pair group, or a location of driving
electrode pairs to which the driving voltage is applied
among the driving electrode pairs belonging to each
driving electrode pair group, or both.

9. The touch panel of claim 7, further comprising a sensing

unit configured to determine whether an input to a touch
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surface of the first substrate occurs by measuring a change in
a gap thickness between the first substrate and the second
substrate.

10. The touch panel of claim 9, wherein the sensing unit is
configured to determine whether the input occurs by compar-
ing the measured change in gap thickness against a threshold
gap thickness, and the threshold gap thickness is adjustable.

11. The touch panel of claim 7, wherein the controller is
configured to adjust at least one of a number of driving elec-
trode pairs from which the driving voltage is removed, among
the driving electrode pairs to which the driving voltage has
been applied, and a location of driving electrode pairs from
which the driving voltage is removed, among the driving
electrode pairs to which the driving voltage has been applied,
in order to vary the return force of the touch panel body.

12. The touch panel of claim 11, further comprising a
sensing unit configured to determine whether an input to a
touch surface of the first substrate occurs by measuring a
change in the gap thickness between the first substrate and the
second substrate,

wherein the sensing unit is further configured to determine
whether the input occurs by comparing the measured
change in gap thickness to a threshold gap thickness, and
the threshold gap thickness is adjustable.

13. A touch panel comprising:

a touch panel body comprising a first substrate and a sec-
ond substrate, electro-rheological fluid that fills a gap
between the first substrate and the second substrate, and
an array of driving electrode pairs that is arranged on the
first substrate and the second substrate to induce an
electrical field locally in the gap between the first sub-
strate and the second substrate when a driving voltage is
applied;

a sensing unit configured to determine whether an input to
atouch surface of the first substrate occurs by measuring
a change in a gap thickness between the first substrate
and the second substrate;

aplurality of spacers made of elastic material and disposed
in the gap between the first substrate and the second
substrate and configured to provide the second substrate
with a restoring force and structural support; and

a controller configured to adjust a return force by adjusting
or removing the driving voltage applied to the driving
electrode pairs when a displacement of the second sub-
strate reaches a threshold level due to a pressing force
applied to the touch surface of the second substrate,

wherein the change in the gap thickness that is used to
determine when an input has occurred, is adjustable.

14. A touch panel of claim 13, wherein the controller com-
prises a first controller configured to adjust at least one of a
number of driving electrode pairs to which the driving voltage
is applied among the array of the driving electrode pairs, and
a location of driving electrode pairs to which the driving
voltage is applied among the array of the driving electrode
pairs, in order to vary an operating force of the touch panel
body.

15. The touch panel of claim 14, wherein the array of the
driving electrode pairs includes one or more driving electrode
pair groups each comprising a plurality of driving electrode
pairs and defining an input button area, and

the first controller is configured to adjust at least one of
driving electrode pairs to which the driving voltage is
applied, among the driving electrode pairs belonging to
each driving electrode pair group.

16. The touch panel of claim 14, wherein the controller

further comprises a second controller configured to adjust at
least one of a number of driving electrode pairs from which
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the driving voltage is removed, among the driving electrode
pairs to which the driving voltage has been applied, and a
location of driving electrode pairs from which the driving
voltage is removed, among the driving electrode pairs to
which the driving voltage has been applied, in order to vary
the return force of the touch panel body.

17. An electronic device including the touch panel of claim
1 as an input device.

18. An electronic device including the touch panel of claim
7 as an input device.

19. An electronic device including the touch panel of claim
13 as an input device.

20. The touch panel according to claim 1, wherein the
electric field is induced locally between individual ones of the
driving electrode pairs when the driving voltage is applied
individually to the driving electrode pairs.

21. A touch panel comprising:

a first substrate;

a second substrate that is spaced apart from the first sub-
strate by a gap, the second substrate comprising a touch
surface;

an array of driving electrode pairs that is arranged on the
first substrate and the second substrate, and induces an
electrical field locally between the first substrate and the
second substrate when a driving voltage is applied
thereto;

electro-rheological fluid that is filled in the gap between the
first substrate and the second substrate, a viscosity of the
electro-rheological fluid changing depending on the
electrical field induced by the driving electrode pairs;
and

a controller configured to define an input button area on the
touch surface by adjusting at least one of a number of
driving electrode pairs to which the driving voltage is
applied among the array of the driving electrode pairs,
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and a location of driving electrode pairs to which the
driving voltage is applied among the array of the driving
electrode pairs, and to adjust or remove the applied
driving voltage when a displacement of the second sub-
strate of the touch panel reaches a predetermined thresh-
old level due to a pressing force applied to the touch
surface of the second substrate based on at least one of a
type of an application and a state of the application.

22. A touch panel comprising:

a first substrate;

a second substrate that is spaced apart from the first sub-
strate by a gap, the second substrate comprising a touch
surface;

an array of driving electrode pairs that is arranged on the
first substrate and the second substrate, and induces an
electrical field locally between the first substrate and the
second substrate when a driving voltage is applied
thereto;

electro-rheological fluid that is filled in the gap between the
first substrate and the second substrate, a viscosity of the
electro-rheological fluid changing depending on the
electrical field induced by the driving electrode pairs;
and

a controller configured to adjust an operating force by
adjusting a size of a touch panel area for a specific input
button to which the driving voltage is applied or by
varying an amount of displacement of the second sub-
strate at which the applied driving voltage is removed,
and to adjust the return force by adjusting a size of the
touch panel area from which the applied driving voltage
is removed while the applied driving voltage is main-
tained in the touch panel area for the specific input
button.



